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ABSTRACT 

This paper presents the first Optical Audio 
Reconstruction (OAR) approach for the long-term 
digital preservation of stereo phonograph records. OAR 
uses precision metrology and digital image processing 
to obtain and convert groove contour data into digital 
audio for access and preservation. This contactless and 
imaging-based approach has considerable advantages 
over the traditional mechanical methods, such as being 
the only optical method with the potential to restore 
broken stereo records. Although past efforts on 
monophonic phonograph records have been successful, 
no attempts on 33rpm long-playing stereo records (LPs) 
have been reported. 

By using a white-light interferometry optical profiler, 
we are able to extract stereo audio information encoded 
in the 3D profile of the phonograph record grooves.  

1. INTRODUCTION 

Digital archiving for phonograph recordings is already 
on the agenda of cultural heritage preservation work 
around the world. This is especially noted in the US 
National Recording Preservation Act of 2000. However, 
traditional phonograph systems are unable to restore 
broken records. As a result, the US Library of Congress 
has offered sponsorship for OAR research [1].  

By utilizing precision metrology and digital image 
processing, OAR has been applied to wax cylinders [1] 
and 78rpm (revolutions per minute) records [2] [3] and 
has successfully extracted satisfactory audio using 2D 
information. Encouraged by these results, the McGill 
Image to Audio Conversion (MItAC) project is the first 
to successfully apply OAR with 3D metrology to 33rpm 
stereo phonograph records. Unlike mechanical systems, 
OAR is the only possible method for extracting audio 
information from damaged and broken records, which 
will make more historical records available for the fields 
such as Music Information Retrieval (MIR). 

2. BASICS OF MECHANICAL PHONOGRAPH 
AUDIO 

A mechanical sound recording system converts the 
acoustic energy of the sound into the groove 
undulations along a spiral trajectory on wax cylinders or 
vinyl discs. The playback system then uses a playback 
stylus to trace and convert the groove undulations into 
audio while rotating the record. 

Two types of groove modulation are available for 
mono records: vertical and lateral. Both methods are 
used in combination in stereo LPs. The sum of both 
modulations of the stylus in the groove provides the left 
channel signal, while the difference provides the right 
channel signal.  

If a disc is broken, turntable-based playback systems 
are not able to follow the groove modulations. OAR 
systems, on the other hand, have the potential of 
extracting its audio information by scanning the broken 
pieces and stitching together their groove data. 

3. THE EXISTING OAR APPROACHES 

Optical reproduction of sound with a laser beam has 
been successfully used in obtaining audio from 
phonograph records [4]. These laser-based systems, 
however, are unable to handle broken records. 

Based on confocal microscopy, Fadeyev et al. 
devised two OAR systems for monophonic recordings: 
one for 78rpm records [1], and the other for an Edison 
Blue Amberol cylinder [2]. 

The system of Stotzer et al. uses a camera to rapidly 
photograph 78rpm records for preservation purposes. 
The resulting film is digitally scanned and converted in 
to 2D image, which is then analyzed to obtain the audio 
information contained in the lateral undulations [3]. 

None of the above methods are directed towards the 
reconstruction of 33rpm stereo phonograph records. 

4. OAR FOR STEREO PHONOGRAPH 
RECORDS 

4.1. White-light Interferometry Optical Profiler 

Optical interferometry has been widely used in 
applications requiring accurate measurements of 
distances, displacements, and vibrations [5]. We are 
using a Wyko NT8000 series white-light interferometry 
profiler. With the ability to adjust its focus vertically, a 
white-light interferometer can achieve a vertical 
resolution of better than 1nm. At the 10X magnification 
(a field of view (FOV) of 0.644mm x 0.483mm), which 
is used in the experiment of this paper, the lateral 
resolution is 1μm.   

According to the mechanism of the stereo 
phonograph recording, only the spatial positions of both 
top edges and the bottom of the groove are needed in 
order to extract the stereo audio data. 



  
 
4.2. Stitching the Pieces of the Results 

A disc area containing audio was divided into an array 
of overlapped regions of the FOV size, each of which 
was scanned individually. The results were then stitched 
together to produce a composite of the entire area. Such 
a stitching can be performed either in the image domain 
after the scan or in the audio domain after the audio 
extractions for all the regions. Each region is called a 
stitching frame (SF). In this paper, we used a simple 
audio-domain stitching that takes the mean amplitude in 
the overlapping region of both consecutive SFs. 

4.3. Converting Positional Data to Audio 

By tracing a selected groove in the resulting images and 
measuring at each spatial sample increment, the radial 
distances relative to the disc center and the vertical 
positions of the groove bottom and the top edges are 
obtained. The lateral and vertical stylus velocities were 
then derived from the positional information. Finally, 
the stereo signal was extracted by combining the 
vertical and lateral data as described in Section 2. 

5. RESULTS 

We used an audio system test LP [6] and measured a 
stereo signal with a silent left channel and a 1kHz sine 
wave in the right channel. The signal simplicity gives us 
a fairly straightforward way to validate the stereo result. 
The target signal shown in Figure 5.1 is measured from 
approximately three periods of the right-channel sine 
wave. The extracted lateral and vertical undulations of 
one of the grooves are shown in Figure 5.2. The phasing 
in (a) and (b) demonstrates that the resulting left and 
right channel signals are in accordance with the 
principle described in Section 2. 

6. DISCUSSIONS 

As an optimized setting of our profiler, with a 10X 
magnification, a vertical scan speed of 15μm/s, 20% 
inter-SF overlapping, the required time for scanning one 
side of an entire 33rpm stereo phonograph record area 
containing an audio signal is about 10 days. The 
required storage space for a scanned disc image is about 
198GB (without compression). 

7. CONCLUSION AND FUTURE WORK 

OAR methods are the only way of restoring broken 
phonograph records. In this work, OAR is applied to the 
reconstruction of 33rpm stereo phonograph records for 
the first time in the world. In the future, more extensive 
experiments will be conducted on various 33rpm stereo 
records. Additionally, image restoration methods will be 
explored to improve the reconstructed audio quality. 

 
Figure 5.1. The 3D contour view of the segments of four 
grooves from a stereo signal with a 1kHz sine wave in the 
right channel and a silent left channel. The result is 
composed of three stitching frames, each of which is of the 
FOV size. 

  
(a)                                      (b) 

Figure 5.2. The stylus velocity data extracted from the right-
channel stereo groove in Figure 5.1. (a) The lateral velocity of 
the stylus; (b) The vertical velocity of the stylus.  

8. ACKNOWLEDGEMENT 

We would like to thank the Canada Foundation for Innovation 
and the Daniel Langlois Foundation for financial support. 

9. REFERENCES 

[1] Fadeyev, V., and C. Haber. “Reconstruction of 
mechanically recorded sound by image 
processing”, LBNL Report 51983. 2003. 

[2] Fadeyev, V., C. Haber, C. Maul, J. McBride, 
and M. Golden. “Reconstruction of recorded 
sound from an edison cylinder using three-
dimensional non-contact optical surface 
metrology”, LBNL Report 54927. 2004. 

[3] Stotzer, S., O. Johnsen, F. Bapst, C. Sudan, and 
R. Ingold. “Phonographic sound extraction 
using image and signal processing”, 
Proceedings of the IEEE International 
Conference on Acoustics, Speech, and Signal 
Processing 4:289–92, Montreal, Canada, 2004. 

[4] Iwai, T., T. Asakura, T. Ifubuke, and T. 
Kawashima. “Reproduction of sound from old 
wax phonograph cylinders using the laser-
beam reflection method”, Applied Optics 25 (5): 
597−604, 1986. 

[5] Hariharan, P. Basics of interferometry. Elsevier 
Academic Press, Boston, MA, 1992. 

[6] Shure Brothers, Inc. “’An audio obstacle 
course’ the Shure trackability test record”, 
TTR-101, Evanston, IL, 1967. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


